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SUBJECT: Saturn  V Engine-Out Performance DATE: J u l y  31, 1 9 7 0  

FROM: K .  P .  Klaasen 

B70  0 7 1 0 1  WASHINGTON, D. C. 20024 

Capab i l i t y  - Case 310  

ABS TRACT 

A viewgraph p r e s e n t a t i o n  w a s  made t o  D r .  R. A.  Pe t rone  

on J u l y  2 3 ,  1 9 7 0  covering t h e  t o p i c  of Sa turn  V performance 

c a p a b i l i t y  wi th  one o r  more engines  o u t .  

several i s s u e s  r a i s e d  during t h e  p r e s e n t a t i o n ,  ' ' loss  of c o n t r o l "  

of t h e  launch v e h i c l e  has been de f ined ,  t h e  dynamics of t h e  

v e h i c l e  f o r  S - I C  s t a g e  eng ine  o u t  p r i o r  t o  1 0  seconds a f t e r  

l i f t - o f f  have been descr ibed,  and t h e  go/no-go c r i t e r i o n  f o r  

t h e  TLI  burn has been s t a t e d .  

I n  c l a r i f i c a t i o n  of 
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BELLCOMM. INC. 
955 L'ENFANT PIAZA NORTH, S.W. WASHINGTON, 0. C. 20024 B70 0 7 1 0 1  

SUBJECT: Saturn  V Engine-Out Performance DATE: Ju ly  31 ,  1 9 7 0  

FROM: K .  P .  Klaasen 
C a p a b i l i t y  - Case 3 1 0  

MEMORANDUM FOR FILE 

Attached are copies  of  t h e  viewgraphs p re sen ted  t o  
D r .  R. A .  Petrone on J u l y  23 ,  1 9 7 0  covering t h e  t o p i c  of Sa turn  V 
performance c a p a b i l i t y  wi th  one o r  more engines  o u t .  The pre-  
s e n t a t i o n  included d i scuss ion  of (1) t h e  c u r r e n t  Apollo program 
p o s i t i o n  regard ing  engine-out performance, ( 2 )  pre-mission 
Apollo 1 3  engine-out performance c a p a b i l i t y  d a t a ,  and (3 )  t h e  
payload e f f e c t  of  an engine-out malfunct ion.  

The fol lowing po in t s  provide c l a r i f i c a t i o n  of s e v e r a l  
i s s u e s  r a i s e d  dur ing  t h e  p re sen ta t ion :  

1. 

2. 

The reg ions  l abe l l ed  "loss of c o n t r o l "  on t h e  c h a r t s  
i n d i c a t e  t h o s e  engine-out malfunct ions t h a t  r e s u l t  i n  
(1) a thrust- to-weight  r a t i o  t h a t  i s  t o o  s m a l l  t o  main- 
t a i n  a c o n t r o l l e d  t r a j e c t o r y  or ( 2 )  subsequent gimbal 
angle  commands t h a t  are t o o  large f o r  t h e  engines  t o  
f u l f i l l .  

For t h e  S-IC s t age ,  any engine o u t  p r i o r  t o  0 . 2  second 
r e s u l t s  i n  pad f a l l b a c k .  Any engine o u t  between 0 . 2  
and 0.9 second r e s u l t s  i n  t h e  v e h i c l e  c o l l i d i n g  wi th  
t h e  holddown p o s t s .  For a l o w e r  engine o u t  (F igure  1) 
be fo re  3.5 seconds, t h e  r e s u l t i n g  nega t ive  angle-of- 
a t t a c k  combined with t h e  normally p r e v a i l i n g  t a i lw ind  
l eads  t o  v e h i c l e  aerodynamic i n s t a b i l i t y  and loss of 
c o n t r o l  i n  t h e  high-q reg ion .  Tower c o l l i s i o n  occurs  
f o r  one tower-side engine ou t  p r i o r  t o  5.6 seconds o r  
f o r  both tower-side engines  o u t  p r i o r  t o  7 . 5  seconds; 
however, tower c o l l i s i o n s  a r e  n o t  inc luded  i n  t h e  loss- 
of -con t ro l  regions shown on t h e  c h a r t s . *  Apollo 1 3  
Mission Rules r equ i r e  a launch a b o r t  i n  t h e  case of any 
nega t ive  v e r t i c a l  motion of t h e  v e h i c l e .  Negative 
motion w i l l  occur f o r  any s i n g l e  engine o u t  p r i o r  t o  
about 1 . 9  seconds. A th rus t - to-weight  r a t i o  of a t  
l e a s t  one w i l l  be maintained f o r  one engine o u t  occurrf -' 
l a t e r  than about  11 seconds.  

*Boeing C o .  Document 5-9400-H-418, "AS-508 Sa tu rn  V 
Launch Vehicle Opera t iona l  F l i g h t  Dynamics and Malfunction F l i g h t  
Analys is , "  January 8,  1 9 7 0 .  



BELLCOMM. I N C .  - 2 -  

3. The Mission Rules f o r  Apollo 1 3  s t a t e  t h a t  t h e  TLI 
burn can be i n i t i a t e d  i f  s u f f i c i e n t  p r o p e l l a n t  remains 
t o  achieve  a 6 5 , 0 0 0  n.mi. apogee e l l i p t i c a l  o r b i t .  N o  
minimum p r o b a b i l i t y  of s u c c e s s f u l l y  completing t h e  burn 
i s  l i s t e d .  

2013-KPK-slr 

Attachments 

I(. pb 
K .  P .  Klaasen 
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BELLCOMM, INC. 

Subjec t :  Sa tu rn  V Engine-Out From: K .  P.  Klaasen 
Performance Capabi l i ty  

D i s t r i b u t i o n  L i s t  

NASA Headauarters 

T.  A. Keegan/MA-2 
C.  M. Lee/MA 
T.  H .  McMullen/MA 
R. A .  Petrone/MA 

Bellcomm, Inc.  

D.  R. A n s e l m o  
A. P.  Boysen, Jr. 
J. 0. C a p p e l l a r i ,  Jr. 
W. G.  Heffron 
N .  W. Hinners  
J. L.  Marshal l ,  Jr. 
K .  E .  Marters teck 
J. Z .  Menard 
P. E .  Reynolds 
R.  L.  Wagner 
A l l  Members Department 2013 
Cen t ra l  F i l e s  
Department 1 0 2 4  F i l e  
L ib ra ry  

Abs t r ac t  Only t o  

J. P. Downs  
D. R. Hagner 
I. M. R o s s  
J. W. Timko 
M. P .  Wilson 


